(19) 



J 



Europflisches Patentamt 
European Patent Office 
Office europ6en des brevets 



(11) 



EP0 890 614 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 1 58(3) EPC 



(43) Date of publication: 

13.01.1999 Bulletin 1999/02 

(21) Application number: 97907451.5 

/00\ Ho+ck rtf filinn- OA HQ i QQ7 

\^^) uaie OT Tiling. ^4.uo.i 99 f 


(51) Int. Cl.^: C08L 67/04, B32B 27/00 

(86) International application number: 
PCT/JP97/00980 

(87) International publication number: 

WO 97/35922 (02.10.1997 Gazette 1997/42) 


(84) Designated Contracting States: 


• OlSHI, Mamoru, 


DE FRGBITNLSE 


Shiga Laboratory of Gunze Ltd. 




Moriyama-shi, Shiga 524 (JP) 


(30) Priority: 26.03.1996 JP 97439/96 


• SAITO, Yoshikiyo, 


02.04.1996 JP 106157/96 


Shiga Laboratory of Gunze Ltd. 


28.11.1996 JP 334659/96 


Morlyama-shI, Shiga 524 (JP) 


(71) Applicant: GUNZE LIMITED 


(74) Representative: 


Ayabe-shI Kyoto 623 (JP) 


Calamlta, Roberto 




Frank B. Dehn & Co., 


(72) Inventors: 


European Patent Attorneys, 


• MORIKAWA, Akira, 


179 Queen Victoria Street 


Shiga Laboratory of Gunze Ltd. 


London EC4V4EL (GB) 


Morlyama-shI, Shiga 524 (JP) 



(54) BIODEGRADABLE CARD BASE 

(57) The present invention provides a card base 
which is degradable by microbes in natural environ- 
ment. The card base is excellent in properties neces- 
sary Ibr card bases, such as tensile strength, impact 
strength, flex temperature, heat resistance, resistance 
to thermal expansion and contraction, blocking resist- 
ance and humidity resistance, and has rigidity, bending 
resistance and durability. The card base contains, as 
essential components, a 3-hydroxybutylate/3-hydroxy- 
valerate copolymer and a lactic acid polymer, and, 
where necessary, a polycaprolactone or a high-molecu- 
lar aliphatic polyester. The card base has a single-layer 
structure, or a sandwich structure further having overlay 
layers comprising a composition containing, as essen- 
tial components, a lactic acid polymer and either or both 
of a polycaprolactone and a high-molecular alphatic pol- 
yester. 
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Description 

TECHNICAL FIELD 
5 The present invention relates to biodegradable card bases. 

BACKGROUND ART 

Credit cards, bank cards, prepaid cards, commuter passes, ID cards, patient's registration cards, etc. are used in 
10 everyday life. 

These cards usually comprise, as a support material, a card base formed from a sheet comprising polyethylene 
terephthalate, polyvinyl chloride or like plastics or a sheet of paper coated with a resin. Specific examples are cards 
bearing glossy, clear color print of photographs or data for identification, which are obtained by thermally transferring 
photographs and characters using a hot stamp and hot-melt or heat-sublimable color films, and removing the films. For 
15 example, bank cards, credit cards or like thick cards can be prepared from card bases obtained by laminating a core 
layer (A) of polyvinyl chloride optionally printed on one or both sides, and overlay layers (B) of polyvinyl chloride option- 
ally having a magnetic recording layer (magnetic stripe) bonded by thermocompression. Such card bases are cut into 
cards, and provided with embossed characters for debossing the characters, or hot-stamped with photographs, where 
necessary 

20 When cards cut out from the card bases consisting of sheets of polyethylene terephthalate, polyvinyl chloride or like 
plastics are discarded after use, they are disposed of by landfill or incineration, together with other types of garbage. 
Also, wastes produced when cutting the card bases into cards are disposed of in the same manner. 

In the case of incineration disposal, the card bases comprising plastics generate high combustion heat and tend to 
damage incinerators. In the case of the landfill disposal, polyethylene terephthalate, polyvinyl chloride and like plastics 
25 are not degradable in the earth and remain therein. Further, for recovering pulp from card bases comprising resin- 
coated paper, it is necessary to collect only the paper for separation, since resins are not degraded in alkaline solutions. 

For solving the above problems, highly degradable plastics have been recently proposed as materials for biode- 
gradable card bases. Examples of such plastics include copolymers of 3-hydroxybutylate (3-HB) and 3-hydroxyvalerate 
(3-HV) (hereinafter referred to as "3-HB/3-HV copolymers"); polycaprolactones; lactic acid polymers; and like biode- 
30 gradable polymers. However, card bases prepared from 3-HB^-HV copolymers are brittle and have poor bending 
resistance; card bases prepared from lactic acid polymers have poor solvent resistance; and card bases prepared from 
polycaprolactones have low rigidity (Young's modulus). These plastics are therefore unsuitable for card bases. 

Further, thick cards having a heat-sensitive recording layer or a magnetic recording layer for receiving imprinting 
when so required, need to be capable of retaining the recorded data. Also, such cards are required to have excellent 
35 strength, rigidity and durability since they are usually carried with the owner. Further, they must have impact strength 
sufficient to bear embossed characters. 

The cards obtained by cutting the card base may have color print of photographs or data for identification formed 
by thermal transfer technique, which usually comprises the steps of thermally transferring photographs and characters 
to the surfaces of the cards by hot stamping using films of cyan, yellow, magenta and carbon black, for example in this 
40 order, and removing the films. However, it is impossible to form glossy clear photographs or characters on the card 
bases comprising the above biodegradable polymers, since inks cannot be fixed thereto because of poor amenability 
of the card bases to color printing. 

An object of the present invention is to provide a card base which is degradable by microbes in natural environment; 
has properties necessary for card bases, such as strength, rigidity (Young's modulus), bending resistance and durabil- 
45 ity; and is well-balanced in mechanical strengths. 

Another object of the present invention is to provide a card base which is excellent in surface gloss, surface protec- 
tion properties, strength, rigidity and capability of bearing embossed characters formed as required; and is degradable 
by microbes in natural environment. 

The embossed characters are formed on the cards when so required, in order to imprint the characters on sales 
50 slips or journal slips in CD or ATM, as visual proofs of use of the cards. 

The card base of the invention can bear glossy, clear color print of photographs or data for identification, which are 
formed by a thermal transfer technique such as hot-stamping. The card base of the invention is excellent in properties 
necessary for cards, such as tensile strength, impact strength, flex temperature, lamination properties , heat resistance, 
resistance to thermal expansion and contraction, chemical resistance, blocking resistance and humidity resistance; has 
55 rigidity, bending resistance, durability, etc.; and is degradable by microbes in natural environment. 
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DISCLOSURE OF INVENTION 

The present invention provides a biodegradable card base (hereinafter referred to as "the first invention") compris- 
ing a composition containing 86 to 31 wt.% of a 2-hydroxybutylate/3-hydroxyvalerate copolymer, 9 to 46 wt.% of a lactic 

5 acid polymer and 5 to 23 wt.% of a polycaprolactone, as essential components. 

The present invention also provides a biodegradable card base (hereinafter referred to as "the second invention") 
comprising core layer(s) (A1) comprising a composition containing 90 to 40 wt.% of a 3-hydroxybutylate/3-hydroxyva- 
lerate copolymer and 10 to 60 wt.% of a lactic acid polymer as essential components; and overlay layers (B1) compris- 
ing a composition containing 95 to 60 wt.% of a lactic acid polymer and 5 to 40 wt. % of a polycaprolactone as essential 

10 components; the core layer(s) (A1) being sandwiched between the overlay layers (B1). 

The present invention further provides a biodegradable card base (hereinafter referred to as "the third invention") 
comprising core layer(s) (A2) comprising a composition containing a 3-hydroxybutylate/3-hydroxyvalerate copolymer, a 
lactic acid polymer and a high-molecular aliphatic polyester obtained by dehydrating polycondensation of a glycol and 
an aliphatic dicarboxylic acid, and overlay layers (B2) comprising a composition containing a lactic acid polymer and a 

15 high-molecular aliphatic polyester obtained by dehydrating polycondensation of a glycol and an aliphatic dicarboxylic 
acid; the core layers (A1) being sandwiched between the overlay layers (B1). 

The 3-HB^-HV copolymer for use in the present inventions (first to third inventions) is, for example, an aliphatic pol- 
yester biodegradable resin with a melting point of 100 to 180°C biosynthesized by microbes such as hydrogen bacteria 
( Alaaliaenes eutrophus) . The 3-HV/3-HV copolymer contains preferably 1 to 20 mol% of 3-hydroxyvalerate, from the 

20 viewpoint of processability If the proportion of 3-hydroxyvalerate is less than 1 mol%, the card base becomes stiff and 
brittle because of high crystallinity of the polymer. Further, the polymer is likely to be deteriorated by heat in the molding 
process, because of its high melting point. If the proportion exceeds 20 mol%, the card base becomes soft because of 
low crystallinity and melting point of the polymer. However, the above range is not limitative. 

The lactic acid polymer for use in the first to third inventions is preferably a polylactic acid, such as a lactic acid 

25 monopolymer obtained by direct dehydrating polycondensation of L-lactic acid, D-lactic acid or D,L-lactic acid, or a pol- 
ymer obtained by ring-opening polymerization of laclide, i.e., a cyclic dimer of lactic acid. Also usable are copolymers 
obtained by direct dehydrating polycondenstion of one of the above lactic acids and another hydroxycarboxylic acid 
(such as glycolic acid, 3-hydroxybutyric acid, 4-hydroxybutyric acid, 3-hydroxyvaleric acid, 4-hydroxyvaleric acid or 6- 
hydroxycaproic acid), and copolymers obtained by ring-opening polymerization of a lactide with a copolymerizable 

30 monomer selected from cyclic ester intermediates of hydroxycarboxylic acid [e.g., dimer of glycolic acid (glycolide), 
cyclic ester of 6-hydroxycaproic acid (caprolactone)]. As clear from the above, the lactic acid polymer may be a polylac- 
tic acid or a lactic acid copolymer. These lactic acid polymers may be used singly or in combination. The lactic acid con- 
tent in the lactic acid polymer is 30% or more, preferably 50% or more, more preferably 70% or more, particularly 90% 
or more. 

35 The direct polycondensation is carried out by subjecting the lactic acid, either alone or in combination with another 
hydroxycarboxylic acid, to azeotropic dehydrating condensation in the presence of an organic solvent, in particular a 
phenyl ether solvent; removing water from the solvent distilled out by the azeotropy; and returning the substantially 
water-free solvent to the reaction system, whereby a high-molecular lactic acid polymer with high strength can be 
obtained. However, the above process is not limitative. 

40 The number average molecular weight Mn of the lactic acid polymer is not limited, but is preferably 50,000 to 
1,000,000. If the number average molecular weight Mn is less than 50,000, the resulting card base has low strength, 
whereas if the number average molecular weight Mn exceeds 1 ,000,000, the resulting composition tends to have a poor 
moldability 

Examples of useful polycaprolactones are aliphatic polyesters represented by the formula 

45 

■[0-(CH2)5-CO]n- 

which is obtained by ring-opening polyaddition of e-caprolacton, i.e., a cyclic monomer, with an organic metal com- 
pound catalyst. 

50 Among these polycaprolactones, those having a Vicat softening temperature (as determined according to J IS K- 
7206) of 100°C or more are preferred. A polycaprolactone with a Vicat softening temperature less than 100°C tends to 
reduce the heat resistance and moldability of the composition. The polycaprolactone preferably has a number average 
molecular weight Mn of 1 ,000 to 120,000. If the number average molecular weight Mn is less than 1 ,000, the resulting 
card base tends to have reduced strength and rigidity whereas if the number average molecular weight Mn exceeds 

55 120,000, the resulting composition tends to have lower moldability However, the above ranges are not limitative. 

For raising the Vicat softening temperature, a composition consisting of any of the above polycaprolactones and an 
aliphatic polyester (one other than poly-c-caprolactone, for example, polybutylene succinate or polybutylene succinate- 
• adipate). 
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The process for preparing the compositions forming the biodegradable card base of the invention is not limited, and 
may be any of conventional processes for preparing polyolefin resins or like compositions. Examples of such processes 
are those using a kneader, Banbury mixer or roll mill; those using a single-screw or twin-screw extruder, wherein the 
starting materials are thermally melted and kneaded and formed into pellets or the like; and those using a ribbon 
5 blender, Henschel mixer or tumbling mixer. 

Where necessary the composition for use in the invention may further contain other synthetic resins, additives and 
fillers, such as heat stabilizers, antioxidants, antistatic agents, lubricants, antibacterial agents, pigments or dyes, tita- 
nium oxide, calcium carbonate, calcium sulfate, barium sulfate, magnesium hydroxide, silica and talc, insofar as they do 
not adversely affect the properties of the biodegradable card base of the invention, such as biodegradability, strength, 
10 rigidity (Young's modulus), bending resistance and mechanical strength balance. 

The synthetic resins are not limited, but include other biodegradable resins such as poly-3-hydroxybutylate, poly-3- 
hydroxyvalerate, 3-hydroxybutylate^-hydroxypropionate copolymers, 3-hydroxybutylate/4-hydroxybutylate copolymers, 
and poly-3-hydroxyalkanoate. 

The following is detailed description of the first to third inventions. 

15 

First invention 

The biodegradable card base of the first invention may consists merely of a composition containing 86 to 31 wt.% 
of the 3-HB/3-HV copolymer, 9 to 46 wt.% of the lactic acid polymer and 5 to 23 wt.% of the polycaprolactone, or may 
20 further contain other components within a range that does not adversely affect the properties of the card base. The card 
base contains the above composition in a proportion of usually 50 wt.% or more, preferably 70 wt.% or more, more pref- 
erably 90 wt.% or more. 

If the proportion of the 3-HB/3-HV copolymer is less than 31 wt.%, the card base is poor in solvent resistance and 
printability If the proportion exceeds 86 wt.%, the strength and rigidity tends to reduce. 
25 If the proportion of the lactic acid polymer is less than 9 wt.%, the strength and rigidity decrease, whereas if the 
proportion of said polymer exceeds 46 wt.%, the acid resistance and printability reduce. A polycaprolactone content of 
less than 5 wt.% disturbs the balance of mechanical strength of the card base in the machine and transverse directions. 
In such a case, other materials may be laminated on the card base. If the proportion of the polycaprolactone exceeds 
23 wt.%, the resulting card base will have lowered strength and rigidity The polycaprolactone makes the other compo- 
se nents, i.e., 3-HB/3-HV copolymer and lactic acid polymer, mutually soluble to thereby increase the mechanical strength 
balance of the card base. 

The process for molding the card base of the first invention is not limited. The card base can be molded by for 
example, a T-die extrusion process as follows. First, a composition containing the 3-HB/3-HV copolymer, lactic acid pol- 
ymer, polycaprolactone and other optional biodegradable resins, additives, fillers, etc. is fed to the hopper of an extruder 
35 equipped with a T-die. 

Subsequently the T-die extruder is set at, for example, a cylinder temperature of 150 to 190°C and a die tempera- 
ture of 160 to 200°C for melting, kneading and extruding the composition. The extruded sheet is cooled with a cooling 
roll at a surface temperature of about 40 to 70°C, or ice- or air- cooled for setting, and rolled up. 

The card base of the first invention may be non-oriented, or uniaxially or biaxially oriented. The card base can be 
40 heat-set, when so required. 

The orientation increases the rigidity and prevents the card base from breaking when being bent. The oriented card 
base may be heat-set. The heat setting improves the mechanical strength balance. 

The process for orientation is not limited, but is preferably the successive biaxial orientation process wherein the 
extruded sheet is oriented first in the machine direction and then in the transverse direction. The orientation tempera- 
45 ture and draw ratio are not limited, but, preferably the former is 40 to 80°C and the latter is about 1 .5 to 4.0 times in both 
the machine and transverse directions. The heat setting can be effected, for example, at 100 to 130°C in about 25 to 
120 seconds. 

The biodegradable card base of the first invention can be molded by other processes. Examples are blow-film 
extrusion using a ring die, calendering, milling, etc. However, preferred is the T-die extrusion wherein the composition 
50 is melted and extruded using a T-die. 

The thickness of the card base is not limited, but may be about 250 to 800 \im in the case of thick card bases for 
bank cards, credit cards, etc.; and about 100 to 250 fim in the case of thin card bases for telephone cards and like pre- 
paid cards. 

The thus molded card base can be used as it is for various purposes. For example, the card base is preferably usa- 
55 ble as a biodegradable card base for credit cards, bank cards, prepaid cards, commuter passes, ID cards, patient's reg- 
istration cards, etc. Further, the card base can be used for any purposes wherein biodegradability in natural enviroment 
is required, for example, nursery pots, packaging containers, materials for civil engineering, etc. Thus, there are no lim- 
itations on use of the card base. 
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In the following description, the core layer(s) and overlay layers in the second invention will be referred to as the 
core layer(s) (A1) and the overlay layers (B1), respectively; and those of the third invention as the core layer(s) (A2) and 
the overlay layer(s) (B2), respectively 

5 Second invention 

The core layer(s) (A1) may consist merely of a composition containing 90 to 40 wt.% of the 3-HB/3-HV copolymer 
and 10 to 60 wt.% of the lactic acid polymer as essential components, or may contain other components within a range 
that does not adversely affect the properties of the core layer(s) (A1). If the proportion of the 3-HB/3-HV copolymer is 

10 less than 40 wt.% (i.e., if the proportion of the lactic acid polymer exceeds 60 wt.%), the solvent resistance and printa- 
bility decrease. If the proportion of the 3-HB/3-HV copolymer exceeds 90 wt.% (i.e., if the proportion of the lactic acid 
polymer is less than 10 wt.%), the impact strength and rigidity reduce. 

A card base consisting of the core layer(s) (A1) alone is not practical, since such a card base tends to have a poor 
balance of mechanical strength in the machine and transverse directions. According to the invention, overlay layers (B1) 

15 are provided on the core layer(s) (A1) so as to make up for the shortcomings of the core layer(s) (A1). That is, the core 
layer(s) (A1) is practically usable as a card base only when having the overlay layers (B1) laminated thereon. 

The overlay layers (B1) may consist merely of a composition containing 95 to 60 wt.% of the lactic acid polymer and 
5 to 40 wt.% of the polycaprolactone as essential components, or may contain other components within a range that 
does not adversely affect the properties of the overlay layers (B1). The proportion of each of the above compositions 

20 forming the core layer(s) (A1) and the overlay layers (B1) is usually 50 wt.% or more, preferably 70 wt.% or more, more 
preferably 90 wt.% or more. 

For improving the mechanical strength balance, the core layer(s) (A1) may contain the above polycaprolactone in 
a proportion of 23 wt.% or less based on the total weight of the polymer components in the composition containing the 
3-hydroxybutylate/3-hydroxyvalerate copolymer, lactic acid polymer and polycaprolactone. If the proportion of the poly- 

25 caprolactone exceeds 23 wt.%, the resulting card tends to have poor embossability 

Although the core material of the card base preferably consists merely of the core layer(s) (A1) comprising the com- 
position containing the 3-HB^-HV copolymer and lactic acid polymer as essential components, a layer comprising a 
composition containing a 3-HB/3-HV copolymer, a lactic acid polymer and a polycaprolactone as essential components 
may be laminated on the core layer(s) (A1). 

30 The overlay layers (B1) comprises a composition containing the lactic acid polymer and polycaprolactone as 
essential components, and laminated on the core layer(s) (A1) of the card base. The overlay layers (B1) protect the 
printed surface of the core layer(s)(A1); make the printing more distinctive due to their high transparency; and improve 
the embossability, adhesion to magnetic recording layers or Wks layers, and amenability to hot stamping of characters, 
patterns, photographs, etc. 

35 The card base of the second invention, when used for bank cards, credit cards, etc., bears embossed characters 
on its surface when so required. It is generally preferable that the embossed characters have a height of about 430 to 
480 ^im relative to the surrounding surface of the overlay layers (B1). If the height is less than 430 |im, the impression 
on, for example, journal slips tends to be unclear, whereas if the height exceeds 480 ^im, the embossed characters tend 
to crack or craze, and the card is likely to warp. However, the above range is not limitative. 

40 Preferable proportions of the lactic acid polymer and polycaprolactone in the overlay layers (B1) are 95 to 60 wt.% 
and 5 to 40 wt.%, respectively If the proportion of the polycaploractone is less than 5 wt.% (if the proportion of the lactic 
acid polymer exceeds 95 wt.%), the overlay layers (B1) tends to be brittle, whereas if the proportion of the polycaprol- 
actone exceeds 40 wt.% (if the proportion of the lactic acid polymer is less than 60 wt.%), the rigidity is likely to reduce. 
The card base of the second invention comprises core layer(s) (A1) comprising a composition containing the 3- 

45 HB/3-HV copolymer and lactic acid polymer as essential components, and overlay layers (B1) comprising a composi- 
tion containing the lactic acid polymer and polycaprolactone as essential components, the core layer(s) (A1) and over- 
lay layers (B1) being arranged to form a three-layer structure (B1)/(A1)/ (B1) or a four-layer structure 
(B1)/(A1)/(A1)/(B1). 

If the card base of the second invention has the four-layer structure (B1)/(A1)/(A1)/(B1), a core material printed on 
50 both sides can be readily obtained without troublesome procedures for double-side printing. That is, a card base printed 
on both sides can be easily obtained by printing desired images or the like on one side of each of the two core layers 
(A1), laminating each overlay layer (B1) and each core layer (A1) so as to cover the printed side, and bonding the non- 
printed sides of the core layers (A1) to each other. 

Specifically a card base printed on both sides can be obtained, for example, as follows. First, at least two core lay- 
55 ers (A1) and at least two overlay layers (B1) are separately molded. Images or the like are printed on one side of each 
of two core layers (A1) by the offset or silk screen process. Then, the two printed core layers (A1) and two overlay layers 
(B1) are arranged so that the printed side of each core layer (A1) is covered with each overlay layer (B1). Then, the non- 
printed sides of the core layers (A1) are faced to each other, giving an unbonded card base having a sandwich structure 
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(B1)/(A1)/(A1)/(B1). The unbonded card base is then held between mirror plates, compressed, heated and cooled to 
obtain a card base having a printed layer on both sides. 

The process for preparing the card base of the second invention is not limited. Exemplary processes includes dry 
lamination wherein the overlay layers (B1) are laminated on the core layer(s) (A1) with an adhesive; co-extrusion 
5 wherein the overlay layers (B1) are laminated on the core layer(s) (A1) using a co-extrusion die connected to at least 
two extruders; and thermocompression bonding wherein at least two types of layers for card bases, for example core 
layer(s) (A1) and overlay layers (B1), are separately prepared and laminated by thermocompression. 

Among these processes, preferred is the thermocompression bonding, which comprises the steps of molding one 
or two core layers (A1) and two overlay layers (B1) separately; sandwiching the core layer(s) between the overlay layers 
10 (B1) to give an unbonded card base having, for example, a (B1)/(A1)/(B1) or (B1)/(A1)/( A1)/(B1) structure; holding the 
unbonded card base between metal mirror plates; and compressing, heating, and cooling the card base. The compres- 
sion can be carried out, for example, at a pressure of 5 to 40 kg/cm^ and a heating temperature of 140 to 190°C, in a 
period of 30 seconds to 30 minutes. However, these ranges are not limitative. 

The card base of the second invention, which has the (B1)/(A1)/(B1) or (B1)/(A1)/(A1)/(B1) structure, may be non- 
15 oriented, or the core layer(s) (A1) and/or overlay layers (B1) may be uniaxially or biaxially oriented, without limitations. 

Orientation of the core layer(s) (A1) and/or overlay layers (B1) increases the rigidity, and prevents the card base 
from breaking when being bent. Where necessary, the oriented card base may be heat-set. Heat setting improves the 
mechanical strength balance. 

The process for orientation is not limited, but is preferably the successive biaxial orientation process wherein the 
20 layers are oriented first in the machine direction and then in the transverse direction. The orientation temperature and 
draw ratio are not limited but, preferably, the former is 40 to SO°C and the latter is about 1 .5 to 4.0 times in both the 
machine and transverse directions. The heat setting can be effected, for example, at 100 to 130°C in about 25 to 120 
seconds. 

When the card base of the second invention is used for thick cards, the core layer(s) (A1) is preferably about 720 
25 to 480 ^im thick, and the overlay layers (B1) are preferably about 20 to 140 ^im thick For thin cards, the core layer(s) 
(A1) is preferably about 50 to 210 [im thick, and the overlay layers (B1) are preferably about 20 to 100 ^m thick. How- 
ever, these ranges are not limitative. In the above description of thickness, the thickness of the core layer(s) is indicated 
as the total thickness of the core layers, if two or more core layers exist. 

Specifically, the thick card base can be preferably used for bank cards, credit cards and the like, which may bear 
30 magnetically recorded information and/or embossed characters, and which are used frequently for a long period. The 
thick card base may have one or two core layer(s) (A1) each having a thickness of about 240 to 360 ^m. There are no 
limitations on the thickness of the core layer(s). The thin card base does not limited in use, but can be preferably used 
as telephone cards or like prepaid cards which are not required to bear embossed characters and which are used for a 
relatively short period. 

35 The card base of the second invention may be provided with a printing layer or a heat-sensitive recording layer 
when so required. These layers are preferably provided on the surface of the overlay layers (B1) or between one core 
layer (A1) and one overlay layer (B1). When the card base is used for magnetic cards, the magnetic recording layer 
(such as a magnetic stripe) is formed on the surface of the overlay layers by a suitable process, before or after cutting 
the card base into cards. For making thick cards such as bank cards or credit cards, characters can be preferably 

40 embossed on the surfaces of the cards, for example, after cutting the card base into cards. 

The card base of the second invention is suitable for thick cards on which characters are embossed. 

Third invention 

45 The high-molecular aliphatic polyester for use in the core layer(s) (A2) and the overlay layers (B2) of the third inven- 
tion is not limited, but may be, for example, one obtained by subjecting a glycol, a dicarboxylic acid (or a dicarboxylic 
anhydride), and an optional third component, which is at least one polyfunctional component selected from the group 
consisting of tri- or tetrafunctional polyhydric alcohols, oxycarboxylic acids, polycarboxylic acids and polycarboxylic 
anhydrides, to dehydrating polycondensation to prepare a prepolymer having a hydroxyl group at the end of its mole- 

50 cule, and imparting a high molecular weight to the prepolymer using a coupling agent. However, the high-molecular 
aliphatic polyester is not limited to the one described above. 

The high-molecular aliphatic polyester has a number average molecular weight (Mn) of 10,000 or more, preferably 
40,000 or more, more preferably about 50,000 to 300,000. If the average number molecular weight (Mn) is less than 
10,000, the resulting card base is unlikely to be improved in rigidity and strength. 

55 Examples of usable high-molecular aliphatic polyesters include those represented by the following formula: 

H-{(-0(CH2)mO(CO-(CH2)nCO}N-OH 
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wherein m is an integer of 1 to 6, preferably 1 to 4, n is an integer of 1 to 6, preferably 1 to 4, and N is a number that 
makes the molecular weight of the polymer 10,000 or more, preferably 40,000 or more, more preferably about 50,000 
to 300,000. 

The high-molecular aliphatic polyester has the following chain structure. For example, when the coupling agent 
5 added to the polyester prepolymer is diisocyanate, the chain structure is formed via urethane bonds based on the iso- 
cyanate; and when the coupling agent is oxaline or a diepoxy compound, the chain structure is formed via ester bonds. 

Examples of specific high-molecular aliphatic polyesters include polyethylene succinate (m=2, n=2), polybutylene 
succinate (m=4, n=2), and polybutylene succinate • adipate (m=4, n=2,4). 

In the third invention, the glycol in the high-molecular aliphatic polyester for use in the core layer(s) (A2) and the 
10 overlay layers (B2) is, for example, a Ci.io straight- or branched-chain aliphatic or alicyclic glycol such as ethylene gly- 
col, 1 ,4-butanediol, 1 ,6-hexanediol, decamethylene glycol, neopentyl glycol or 1 ,4-cyclohexane dimethanol. These gly- 
cols may be used in combination. Among them, 1 ,4-butanediol is preferred. 

Examples of dicarboxylic acids (including dicarboxylic anhyhdrides) to be reacted with the glycol for forming the 
high-molecular aliphatic polyester include succinic acid, adipic acid, suberic acid, sebacic acid, dodecanoic acid, suc- 
15 cinic anhydride and adipic anhydride. These dicarboxylic acids may be used singly or in combination. Particularly pre- 
ferred are succinic acid and adipic acid. 

In addition to the glycol and dicarboxylic acid, the high-molecular aliphatic polyester may contain, where necessary, 
a third component which is at least one polyfunctional component selected from the group consisting of tri- or tetrafunc- 
tional polyhydric alcohols (e.g., trimethylolpropane, glycerine and pentaerythrite), tri- or tetrafunctional polyoxycarbox- 
20 ylic acids (e.g., malic acid, citric acid and tartaric acid), and tri- or tetrafunctional polycarboxylic acids and polycarboxylic 
anhydrides (e.g., trimesic acid, propanetricarboxylic acid, pyromellitic anhydride, benzophenonetetracarboxylic anhy- 
dride and cyclopentanetetracarboxyic anhydride). 

Addition of the third component produces a long branched chain, and is likely to impart a higher molecular weight 
and a wide molecular weight distribution to the high-molecular aliphatic polyester. Thus, the resulting polyester has 
25 properties preferable for film-forming. The proportion of the third component is about 0.1 to 5 mol% in the case of a tri- 
functional component, or about 0.1 to 3 mol% in the case of a tetrafunctional component, based on the total amount of 
the aliphatic dicarboxylic acids (or aliphatic dicarboxylic anhydrides), so as to preclude gel formation. 

The high-molecular aliphatic polyester has a melting point of about 70 to 190°C, preferably about 70 to 150°C, par- 
ticularly about 80 to 135°C. If the melting point is less than 70°C, the heat resistance will be insufficient, whereas if the 
30 melting point is more than 190°C, it becomes difficult to prepare a card base from the resulting composition. For pre- 
paring the polyester having a melting point of 70°C or more, the melting point of the polyester prepolymer is preferably 
60°C or more, but is not limited. 

In the card base of the third invention, the core layer(s) (A2) preferably comprises a composition containing 82 to 
27 wt.% of the 3-HB/3-HV copolymer, 9 to 40 wt.% of the lactic acid polymer and 9 to 33 wt.% of the high-molecular 
35 aliphatic polyester as essential components. If the proportion of the 3-HB/3-HV copolymer is less than 27 wt.%, the sol- 
vent resistance and printability will reduce, whereas if the proportion exceeds 82 wt.%, the tensile strength, rigidity, 
impact strength, etc. tend to reduce. 

If the proportion of the high-molecular aliphatic polyester is less than 9 wt.%, the printability of the core layer(s) (A2) 
and the adhesion between the two core layers (A2) or between the core layers (A2) and overlay layers (82) are unlikely 
40 to improve. If the proportion exceeds 33 wt.%, the card base tends to have reduced rigidity 

The core layer(s) (A2) is excellent in properties necessary for card bases, i.e., tensile strength, impact strength, flex 
temperature, lamination properties, heat resistance, resistance to thermal expansion and contraction, chemical resist- 
ance, blocking resistance and humidity resistance; has rigidity bending resistance, durability and capability of support- 
ing the overlay layers (B2). 

45 On the surface of the overlay layers (B2), glossy and clear photographs and data for identification can be printed 
by thermally transferring photographs and characters using a hot stamp and color films and removing the films. For 
such a purpose, the overlay layers (B2) laminated on the core layer(s) (A2) preferably comprises a composition contain- 
ing 99 to 67 of the lactic acid polymer and 1 to 33 wt.% of the high-molecular aliphatic polyester as essential compo- 
nents. 

50 If the proportion of the high-molecular aliphatic polyester is less than 1 wt.%, the overlay layers (B2) become brittle 
and has insufficient adhesion to the color films, deteriorating the distinctiveness of the photographs and characters. On 
the other hand, if the proportion ^ceeds 33 wt.%, the color films cannot be readily removed, making the thermal trans- 
fer printing difficult. 

For improving the strength, the overlay layers (B2) may further contain a polycaprolactone in a proportion of 27 
55 Wt.% or less based on the total weight of the composition of the lactic acid polymer, high-molecular aliphatic polyester 
and polycaprolactone. If the proportion of the polycaprolactone exceeds 27 wt.%, the resulting overlay layers tend to 
have low rigidity and not suitable for cards. 

The overlay layers (B2) comprise the above composition, and are laminated on the surface of the core layer(s) (A2) 
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for protecting the surface having, for example, offset print or silkscreen print. The overlay layers (B2) have high trans- 
parency and improve the distinctiveness of the print, embossability of the card base, and adhesion of the card base to 
magnetic stripes. Further, the overlay layers (B2) make it possible to print glossy clear photographs and characters for 
identification on credit cards, ID cards, membership cards, etc. 

5 The card base of the third invention comprises the core layer(s) (A2) and the overlay layers (B2) and preferably has 

a three-layer structure (B2)/(A2)/(B2) or a four-layer structure (B2)/(A2)/(A2)/(B2). 

If the card base of the third invention has the four-layer structure (B2)/(A2)/(A2)/(B2), a core material printed on 
both sides can be readily obtained without troublesome procedures for double-side printing. That is, a card base printed 
on both sides can be easily obtained by printing desired images or characters on one side of each of the two core layers 

10 (A2), laminating one overlay layer (B2) on each core layer (A2) so as to cover the printed side, and bonding the non- 
printed sides of the core layers (A2) to each other. 

Specifically the double-side printed card base can be produced, for example, as follows. First, at least two core lay- 
ers (A2) and at least two overlay layers (B2) are separately molded. 

The overlay layers (B2) may comprise a composition containing 73 wt.% or more of the lactic acid polymer and 

15 high-molecular aliphatic polyester combined, and 27 wt.% or less of the polycaprolactone. 

Subsequently images or characters are printed on one side of each of two core layers (A2) by the offset or silk 
screen process. The printed two core layers (A2) and two overlay layers (Bs) are arranged so that the printed side of 
each core layer (A2) is covered with each overlay layer (B2), and then the non-printed sides of the core layers (A2) are 
faced to each other, giving an unbonded card base having a sandwich structure (B2)/(A2)/ (A2)/(B2). The unbonded 

20 card base is then held between mirror plates, compressed, heated and cooled to obtain a card base having a printed 
layer on both sides. 

The process for preparing the card base of the third invention is not limited. Exemplary processes includes dry lam- 
ination wherein the core layer(s) (A2) and the overlay layers (B2) are laminated with an adhesive; co-extrusion wherein 
the core layer(s) (A2) and the overlay layers (B2) are laminated using a co-extrusion die connected to at least two 

25 extruders; and thermocompression bonding wherein at least two types of layers for card bases, for example core layers 
(A1) and overlay layers (B1), are separately prepared and laminated by thrmocompression. 

Among these processes, preferred is the thermocompression bonding, which can be effected, for example, at a 
pressure of 3 to 40 kg/cm^ and a heating temperature of 140 to 190°C, in a period of 30 seconds to 30 minutes. How- 
ever, these ranges are not limitative. 

30 The card base of the third invention, which has the (B2)/(A2)/(B2) or (B2)/(A2)/(A2)/(B2) structure, may be non-ori- 
ented, or the core layer(s) (A2) and/or overlay layers (B2) may be uniaxially or biaxially oriented, without limitations. 

Orientation of the core layer(s) (A2) and/or overlay layers (B2) increases the rigidity and prevents the card base 
from breaking when being bent. Where necessary the oriented card base may be heat-set. Heat setting tends to 
improve the mechanical strength balance. 

35 The process for orientation is not limited, but is preferably the successive biaxial orientation process wherein the 
extruded layers are oriented first in the machine direction and then in the transverse direction. The orientation temper- 
ature and draw ratio are not limited, but, preferably the former is 40 to 80°C and the latter is about 1.5 to 4.0 times in 
both the machine and transverse directions. The heat setting can be carried out, for example, at 100 to 130°C and in 
about 25 to 120 seconds. 

40 The card base of the third invention can be made into, for example, an ID card, by the following process. First, a 
card is obtained by cutting the above card base. Then, images and characters such as color photographs and data for 
identification are thermally transferred to the surface of the overlay layers (B2) using a hot stamp and color films (rib- 
bons) having hot-melt or heat-sublimable ink layers containing colors (such as cyan, yellow, magenta and carbon black) 
and waxes. The color films are then removed, giving a biodegradable ID card bearing glossy clear color photographs 

45 and characters printed thereon. 

The card base of the third invention has properties necessary for card bases, such as tensile strength, rigidity 
bending resistance and impact strength. Each core layer (A2) is preferably about 720 to 480 |im thick when the card 
base has one core layer (A2), and about 360 to 240 ^im thick when the card base has two core layers (A2) so that the 
overlay layers (B2) are sufficiently supported. Each overlay layer (B2) is preferably about 20 to 140 |im thick. 

50 The card base of the third invention is excellent in retentivity and recordability of color images and characters, such 
as photographs or data for identification, which are printed on the overlay layers (B2). Accordingly, the card base can 
retain clear color images and characters for a long period, and is suitable for ID cards, credit cards, patient's registration 
cards, membership cards or like cards which bear photographs and data for identification. 

The card base of the third invention may have a printing layer or a heat-sensitive recording layer where necessary 

55 These layers are preferably provided on the surface of the overlay layers (B2) or between the core layer(s) (A2) and 
overlay layers (B2). For preparing magnetic cards, the magnetic recording layer (such as a magnetic stripe) is formed 
on the surface of the overlay layers (B2) by a suitable process before or after cutting the card base into cards. For thick 
cards such as bank cards or credit cards, characters are preferably embossed on the surfaces of the cards by a suitable 
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process, for example, after cutting the card base into cards. It is generally preferable that the embossed characters have 
a height of about 430 to 480 ^im relative to the surrounding surface of the overlay layers (B1). If the height is less than 
430 ^im, the embossed characters tend to make an unclear impression on, for example, journal slips, whereas if the 
height exceeds about 480 ^m, the embossed characters tend to crack or craze, and the card Is likely to warp. However, 

5 the above ranges are not limitative. 

The card base of the third invention can bear, for example, on the surface of the overlay layers (B2), clear color pho- 
tographs and characters for identification printed by thermal transfer process after cutting the card base into cards. The 
card base is sufficient in bending resistance, tensile strength, impact resistance, flex temperature, lamination proper- 
ties, heat resistance, resistance to thermal expansion and contraction, chemical resistance, blocking resistance and 

10 humidity resistance, and is degradable by microbes in natural environment. 

It is to be noted that the above disclosure of the invention mainly comprises preferred embodiments and is not 
Intended to limit the scope of the Invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

15 

Examples and Comparative Examples will be given below to illustrate the present invention in further detail, but 
they are In no way limitative of the scope thereof. In these examples, properties of the card base samples were meas- 
ured by the following methods. 

20 First Invention 

[Tensile strength (kg/cm^)]: JIS-K6732 
[Tensile elongation (%)]: JIS-K6732 
[Cross-directional tear strength]: JIS-K6732 
25 [Young's modulus (x 10"* l^/cm^)] : ASTM D882 

[Biodegradabillty]: a conventional method comprising the steps of cutting a biodegradable card base Into pieces 
(85.5 mm x 54 mm), dipping the pieces In returned sludge at 25°C collected and treated In a water purification 
center (in Konan Chubu Office of Shiga Sewage Corporation) and measuring the weight loss 

30 Example 1A 

A composition for use as a starting material for a biodegradable card base was prepared by blending in a ribbon 
blender 40 wt.% of a 3-hydroxybutylate/3-hydroxyvalerate copolymer (3-hydroxyvalerate content: 8 mol%); 40 wt.% of 
a polylactic acid with an average molecular weight Mn of 200,000(a polymer obtained by ring-opening polymerization 
35 of L-lactic acid lactide; 17 wt.% of a polycaprolactone with a Vicat softening temperature of 104°C and an average 
molecular weight Mn of 80,000; and 3 wt.% of Ti02. 

The composition was melted and kneaded in a T-die extruder set at a cylinder temperature of 1 80°C and a die tem- 
perature of 190°C, extruded on a casting roll at a surface temperature of about 60°C for cooling and setting, and rolled 
up, whereby a 200 \im thick biodegradable card base was obtained. 
40 Table 1 shows the tensile strength, tensile elongation, cross-directional tear strength, Young's modulus of the 
obtained card base. 

The card base, when cut into cards, were sufficiently reliable for practical use. 

As an Index of biodegradabillty, a weight loss was measured after dipping cards prepared from the card base in 
activated sludge at 25°C for 28 days. The weight loss was about 70 wt.%. 

45 



Table 1 





Ex.1 


Ex.2 


Ex.3 


Ex.4 


Ex.5 


Thickness (^im) 


200 


500 


200 


200 


200 


Tensile strength (kg/cm^) 


MD 


413.8 


395.8 


363.4 


285.6 


281 


TD 


399.3 


389.5 


348.5 


280.1 


284 


Tensile elongation (%) 


MD 


5 


5 


5 


10.0 


7.5 


TD 


5 


5 


5 


10.0 


7.5 
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Table 1 (continued) 





bx.l 




bX.o 


bX.4 


bX.o 


Cross-directional tear strength (kg/cm^) 


MD 


168.4 


184.5 


139.5 


89.1 


78.4 


TD 


153.8 


161.5 


130.1 


92.6 


79.5 


Young's modulus x 10^ (kg/cm^) 


MD 


2.01 


1.83 


1.74 


1.17 


1.28 


TD 


1.89 


1.80 


1.69 


1.20 


1.25 
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Example 2A 

A 500 |Lim thick biodegradable card base was prepared by following the procedure of Example 1 A with the excep- 
tion of using, in place of the polylactic acid, a copolymer obtained by direct dehydrating polycondensation of L-lactic 
15 acid and glycolic acid. Table 1 shows the tensile strength, tensile elongation, cross-directional tear strength and Young's 
modulus of the obtained card base. 

The card base, when shaped into cards, was sufficiently reliable for practical use. 

As an index of biodegradability the weight loss was measured in the same manner as in Example 1 A. The weight 
loss after 28 days was about 10 wt.%. 

20 

Example 3A 

A 200 |Lim thick bioderadable card base was prepared by following the procedure of Example 1 A with the exception 
of using a composition obtained by blending, in a ribbon blender, 48 wt.% of a 3-hydroxybutylate/3-hydroxyvalerate 
25 copolymer (3-hydroxyvalerate content: 8 mol%); 40 wt.% of the same polylactic acid as used in Example 1 A, which had 
an average molecular weight Mn of 200,000 and had been obtained by ring-opening polymerization of L-lactic acid lac- 
tide; 9 wt.% of the same polycaprolactone with an average molecular weight Mn of 80,000 as used in Example 1 A; and 
3 wt.% of Ti02. Table 1 shows the tensile strength, tensile elongation, cross-directional tear strength and Young's mod- 
ulus of the card base. 

30 The card base, when shaped into cards, was sufficiently reliable for practical use. 

As an index of biodegradability the weight loss was measured in the same manner as in Example 1 A. The weight 
loss after 28 days was about 70 wt.%. Comparative Example 1 A 

A 200 |im thick biodegradable card base was prepared by following the procedure of Example 1 A with the excep- 
tion of using a composition obtained by blending, in a tumbling mixer, 48 wt.% of a 3-hydroxybutylate/3-hydroxyvalerate 
35 copolymer (3-hydroxyvalerate content: 8 mol%); 48 wt.% of polycaprolactone with a Vicat softening temperature of 
104°C and an average molecular weight Mn of 80,000; and 4 wt.% of Ti02. Table 1 shows the tensile strength, tensile 
elongation, cross-directional tear strength and Young's modulus of the card base. 

As an index of biodegradability, the weight loss was measured in the same manner as in Example 1 A. The weight 
loss after 28 days was about 70 wt.%, which was substantially the same as in Example 1 A. 
40 However, the above obtained card base was inferior in tensile strength, cross-directional tear strength and Young's 
modulus. Accordingly, the card base was not practically usable. 

Comparative Example 2A 

45 A 200 |im thick biodegradable card base was prepared by blending 97 wt.% of a 3-hydroxybutyrate/3-hydroxyvaler- 
ate copolymer (3-hydroxyvalerate content: 8 mol%) and 3 wt.% of Ti02, melting and kneading the obtained composition 
in a T-die extruder set at a cylinder temperature of 160°C and a die temperature of 165°C, extruding the composition on 
a cooling roll at a surface temperature of about 60°C for cooling and setting, and rolling up the resulting sheet. 

Table 1 shows the tensile strength, tensile elongation, cross-directional tear strength and Young's modulus of the 

50 card base. 

As an index of biodegradability, the weight loss was measured in the same manner as in Example 1 A. The weight 
loss after 28 days was about 70 wt.%, which was substantially the same as in Example 1 A. 

However, the above obtained card base was inferior in tensile strength, cross-directional tear strength and Young's 
modulus. Accordingly the card base was not practically usable. 
55 As seen from Table 1, the card bases of the invention prepared from a composition containing a 3-hydroxybu- 
tyrate/3-hydroxyvalerate copolymer, a polylactic acid and a polycaprolactone as essential components is excellent in 
tensile strength, tensile elongation, cross-directional tear strength and Young's modulus. 

Desirable cards can be obtained by cutting the biodegradable card bases of the invention. 



10 



EP 0 890 614 A1 



In contrast, the biodegradable card bases obtained in Comparative Examples 1 A and 2A tend to be inferior in ten- 
sile strength, cross-directional tear strength and Young's modulus. That is, these card bases are poor in rigidity and 
mechanical strength. Biodegradable cards formed from such card bases will be poor in bending resistance, durability, 
etc., and are not preferable. 

5 Conventional card bases consisting of polyethylene phthalate and polyvinyl chloride are disadvantageous in that 

they are not degradable in natural environment, although having good properties as cards. 

Second and third inventions 

10 [Tensile strength (kg/cm^)]: It is necessary that the tensile strength be 480 kg/cm^ or more as measured according 
to J IS X-6301 by autograph. 

[Impact strength]: According to JIS X-6301, the card was placed on a firm, horizontal plane; a steel ball was 
dropped onto the card from a height of 30 cm; and the card was visually checked for cracking and crazing. 
[Flex temperature]: It is necessary that the flex temperature be 52°C or more as measured according to J IS X-6301 
15 using a hot-air dryer. 

[Lamination properties]: According to JIS X-6301 , the card was dipped in liquid paraffin at ISO^'C for 5 minutes, and 
checked for occurrence of gaps between the layers. 

[Heat resistance]: According to JIS X-6301, the card was dipped in water at 60°C for 5 minutes, and visually 
checked for change on the surface. 
20 [Resistance to thermal expansion and contraction]: According to JIS X-6301 , the card was left to stand at -1 0°C or 
+45°C for 30 minutes, allowed to return to room temperature, and left to stand for 2 hours. It is necessary that the 
expansion/contraction ratio of the card be 2% or less. 

[Blocking resistance]: According to JIS X-6301, the card was compressed at a pressure of 50 g/cm^ in an atmos- 
phere of 40°C and 90%RH for 48 hours, and visually checked for change in appearance. 
25 [Chemical resistance]: According to JIS X-6301 , the card was dipped in a 5% salt water, a 1% aqueous solution of 
sodium carbonate, or a 5% aqueous solution of acetic acid for 24 hours, and visually checked for peeling. 
[Humidity resistance]: According to JIS X-6301 , the card was left to stand in an atmosphere of 40°C and 90% RH 
for 48 hours, and visually checked for change in appearance. 

[Height of embossed characters]: The card was rated as A when characters embossed thereon had a height 
30 between 430 to 480 urn relative to the surrounding surface of the card, and as B when the height of the embossed 
characters was outside the range. 

[Biodegradability]: A biodegradable card base were cut into pieces (85.5 x 54 mm), and dipped at 25''C in return 
sludge collected and treated in a water purification center (in Konan Chubu Office of Shiga Sewage Corporation). 
The weight loss of the card base was determined. 

35 

Example 1 B 

Biodegradable card base of four-layer structure (B1)/(A1) /(A1)/(B1) 

40 [Production of core layer (A1 )] 

A composition was prepared by blending 49 wt.% of a 3-hydroxybutylate/3-hydroxyvalerate copolymer (3-hydroxy- 
valerate content: 8 mol%); 49 wt.% of a polylactic acid with a number average molecular weight Mn of 200,000 obtained 
by ring-opening polymerization of L-lactic acid lactide; and 2 wt.% of Ti02. The composition was melted and kneaded 
45 in a T-die extruder set at a cylinder temperature of 190°C and a die temperature of 190°C, extruded on a cooling roll at 
a surface temperature of about 60°C, giving 280 ^m thick sheets. The obtained sheets were used as the core layers 
(A1). 

[Production of overlay layer (B1)] 

50 

A composition was prepared by blending 79.96 wt.% of a polylactic acid with a number average molecular weight 
Mn of 200,000 obtained by ring-opening polymerization of L-lactic acid lactide; 20 wt.% of a polycaprolactone with a 
Vicat softening temperature of 104°C and a number average molecular weight Mn of 80,000; and 0.04 wt.% of a blue 
pigment. The composition was melted and kneaded in a T-die extruder set at a cylinder temperature of 21 0°C and a die 
55 temperature of 200''C, and extruded on a cooling roll at a surface temperature of about 40''C, giving 100 fim thick 
sheets. The obtained sheets were used as the overlay layers (B1). 
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[Production of biodegradable card base] 

Images were printed on two of the above obtained core layers (A1), using a silk screen printer. One of the overlay 
layers (B1) was superimposed on the printed side of one core layer (A1), and another overlay layer (B1) on the printed 
5 side of the other core layer (A1). 

Thereafter, the two (A1)/(B1) structures were arranged so that the two non-printed sides of the core layers (A1) 
faced to each other, giving an unbonded biodegradable card base with a four-layer sandwich structure 
(B1)/(A1)/(A1)/(B1). 

The unbonded biodegradable card base was held between two metal mirror plates and heated to 165°C in 20 min- 
10 utes, compressed at a pressure of 5 kg/cm^ at 170°C for 5 minutes, and then cooled to 40°C in 20 minutes. Thus, a 
biodegradable card base was obtained which had a thickness of 760 ^m [(B1)/(A1)/(A1)/(B1)=100 nm/280 [im/280 jim/ 
100 M^m]. 

[Evaluation of biodegradable card base] 

15 

A card was obtained by cutting the above card base having the four-layer structure (B1)/(A1)/(A1)/(B1). Characters 
were embossed on the card using a thin plate holding characters raised from the surface. The embossed characters did 
not crack or craze, and the card did not warp. 

The card base, core layers (A1) and overlay layers (B1) were separately dipped in the return sludge described 
20 above at 25°C to determine the weight loss. The weight loss was about 5% in 8 months in the case of the layered card 
base; about 63% in 6 month in the case of the core layers (A1) alone; and about 9% in 8 months in the case of the over- 
lay layers (B1) alone. 

The card base was tested for tensile strength, impact strength, lamination properties , heat resistance, resistance 
to thermal expansion and contraction, chemical resistance, blocking resistance, humidity resistance, height of the 
25 embossed characters and occurrence of warp after embossment. The results are shown in Table 2. 



Table 2 





Ex. 1B 


Ex. 2B 


Ex. 3B 


Comp. Ex. 1 B 


Tensile strength (kg/cm^) 


545 


539 


495 


285 


Impact strength 


No cracking or 
crazing 


No cracking or 
crazing 


No cracking or 
crazing 


Crazing 


Flex temperature 


52°C< 


52°C< 


52°C< 


52°G< 


Lamination properties 


No gaps between 
layers 


No gaps between 
layers 


No gaps between 
layers 




Heat resistance 


No change 


No change 


No change 


No Change 


Resistance to 
thermal expan- 
sion and contrac- 
tion 


-10°C 


0% 


0% 


0% 


0% 


+45°C 


0% 


0% 


0% 


0% 


Chemical resist- 
ance 


5% salt water 


No peeling 


No peeling 


No peeling 




5% aqueous solu- 
tion of acetic acid 


No peeling 


No peeling 


No peeling 




1% aqueous solu- 
tion of sodium car- 
bonate 


No peeling 


No peeling 


No peeling 




Blocking resistance 


No blocking 


No blocking 


No blocking 


No blocking 


Humidity resistance 


No change 


No change 


No change 


No change 


Height of embossed characters 


A 


A 


A 


B 


Occurrence of warp 


No 


No 


No 


Yes 
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Example 2B 

Biodegradable card base of three-layer structure (B1)/(A1)/(B1) 

5 [Production of core layer (A1)] 

A composition was prepared by blending 49 wt.% of a 3-hydroxybutylate/3-hydroxyvalerate copolymer (3-hydroxy- 
valerate content: 8 mol%); 49 wt.% of a polylactic acid with a number average molecular weight Mn of 200,000 obtained 
by direct dehydrating polycondensation of L-lactic acid and glycolic acid; and 2 wt.% of 7102- The composition was 
10 melted and kneaded in a T-die extruder set at a cylinder temperature of 190°C and a die temperature of 190°C, and 
extruded on a cooling roll at a surface temperature of about 60°C, giving a 560 \im thick sheets. The obtained sheets 
were used as the core layer (A1). 

[Production of overlay layer (B1)] 

15 

A composition was prepared by blending 79.96 wt.% of a polylactic acid with a number average molecular weight 
Mn of 200,000 obtained by direct dehydrating polycondensation of L-lactic acid lactide and a glycol; 20 wt.% of a poly- 
caprolactone with a Vicat softening temperature of 104°C and a number average molecular weight Mn of 80,000; and 
0.04 wt.% of a blue pigment. The composition was melted and kneaded in a T-die extruder set at a cylinder temperature 
20 of 21 0°C and a die temperature of 200°C, and extruded on a cooling roll at a surface temperature of about 40°C, giving 
100 M^m thick sheets. The obtained sheets were used as the overlay layers (B1). 

(Production of biodegradable card base) 

25 Patterns were printed on at least one side of the above obtained core layer (A1) using an offset printer. The printed 
he core layer (A1) was sandwiched between two overlay layers (B1), giving an unbonded biodegradable card base hav- 
ing a three-layer structure (B1)/(A1)/(B1). 

The unbonded biodegradable card base was held between two metal mirror plates, compressed, heated and 
cooled in the same manner as in Example IB, giving a biodegradable card base having a thickness of 760 ^m 

30 [(B1)/(A1)/(B1)=100 560 \vm/ 100 M,m]. 

[Evaluation of biodegradable card base] 

A card was obtained by cutting the above card base having the three-layer structure, and characters were 
35 embossed on the surface of the card. The embossed characters did not crack or craze, and the cards did not warp. 

The biodegradable card base was dipped return sludge in the same manner as in Example 1 B. Although no weight 
loss was confirmed after 28 days, it is presumed that the weight loss would have gradually increased if the card base 
was dipped for a prolonged period, as seen from the results of Example 1 B. 

The biodegradable card base was tested for tensile strength, impact strength, lamination properties, heat resist- 
40 ance, resistance to thermal expansion and contraction, chemical resistance, blocking resistance, humidity resistance, 
height of the embossed characters and occurrence of warp after embossment. The results are shown in Table 2. 

Example 3B 

45 A bioderadable card base having a thickness of 760 ^im [(B1)/(A1)/(B1)=100 inm/ 560 inm/lOO ^im] was prepared 
by following the procedure of Example 2B with the exception of using a composition obtained by blending 50 wt.% of a 
3-hydroxybutylate/3-hydroxyvalerate copolymer (3-hydroxyvalerate content: 8 mol%); 32 wt.% of a polylactic acid with 
a number average molecular weight Mn of 200,000 obtained by ring-opening polymerization of L-lactic acid lactide; 16 
wt.% of a polycaprolactone with an average molecular weight Mn of 80,000; and 2 wt.% of Ti02. A card was obtained 

50 by cutting the card base, and characters were embossed on the surface of the card in the same manner as in Example 
1 B. The embossed characters did not crack or craze, and the card did not warp. 

The biodegradable card base was dipped in return sludge in the same manner as in Example IB . Although no 
weight loss was confirmed after 28 days, it is presumed that the weight loss would have gradually increased if the card 
base was dipped for a prolonged period, as seen from the results of Example 1 B. 

55 The biodegradable card base was tested for tensile strength, impact strength, lamination properties, heat resist- 
ance, resistance to thermal expansion and contraction, chemical resistance, blocking resistance, humidity resistance, 
height of the embossed characters and occurrence of warp after embossment. The results are shown in Table 2. 
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Comparative Example 1 B 

A composition was prepared by blending 80 wt.% of a 3-hydroxybutylate/3-hydroxyvalerate copolymer (3-hydroxy- 
valerate content: 8 mol%) and 20 wt.% of a polycaprolactone with a Vicat softening temperature of 104°C and an aver- 
5 age molecular weight Mn of 80,000. The composition was melted and kneaded in a T-die extruder set at a die 
temperature of 1 70°C and extruded on a cooling roll at a surface temperature of about 60°C, giving a 760 ^m thick bio- 
degradable card base. A card was obtained by cutting the card base, and characters were embossed on the surface of 
the card in the same manner as in Example 1 B. The embossed characters had a height of 300 iim or less relative to 
the surrounding surface. 

10 Accordingly when the card was used to produce impression on a sale slip with, for example, an imprinter, the 
resulting impression was unclear. 

The card base was tested for tensile strength, impact resistance, lamination properties, heat resistance, resistance 
to thermal expansion and contraction, chemical resistance, blocking resistance, humidity resistance, height of the 
embossed characters, and occurrence of warp after embossment. The results are shown in Table 2. 

15 

Example 1C 

Biodegradable card base for ID card having four-layer structure (B2)/(A2)/(A2)/(B2) 

20 A composition was prepared by blending 40 wt.% of a 3-hydroxybutylate/3-hydroxyvalerate copolymer (3-hydroxy- 
butylate content: 8 mol%); 32 wt.% of a polylactic acid with a number average molecular weight Mn of 200,000 obtained 
by ring-opening polymerization of L-lactic acid lactide; 16 wt.% of a polybutylene succinate (PBS) with a number aver- 
age molecular weight Mn of 85,000 obtained by subjecting succinic acid and 1 ,4-butanediol to dehydrating polyconden- 
sation and imparting a high molecular weight to the reaction product using a coupling agent; 8 wt.% of talc; and 4 wt.% 

25 of Ti02. The composition was melted and kneaded in a T-die extruder set at a cylinder temperature of 1 90°C and a die 
temperature of 1 90°C, and extruded on a cooling roll at a surface temperature of 60°C, giving 280 \im thick sheets. The 
sheets were used as the core layers (A2). 

Then, a composition was prepared by blending 80 wt.% of a polylactic acid with a number average molecular 
weight Mn of 200,000 obtained by ring-opening polymerization of L-lactic acid lactide; 15 wt.% of polybutylene succin- 

30 cate (PBS) with a number average molecular weight Mn of 85,000 obtained by subjecting succinic acid and 1 ,4-butane- 
diol to dehydrating polycondensation and imparting a high molecular weight to the reaction product using a coupling 
agent; and 5 wt.% of polybutylene succinate • adipate (PBSA) obtained by subjecting succinic acid, acipic acid and 1 ,4- 
butanediol to dehydrating polycondensation and imparting a high molecular weight to the reaction product using a cou- 
pling agent. The composition was melted and kneaded in a T-die extruder set at a cylinder temperature of 21 O^'C and a 

35 die temperature of 200°C, and extruded on a cooling roll at a surface temperature of about 50°C, giving 100 ^im thick 
sheets. The obtained sheets were used as the overlay layers (82). 

Images and characters were printed on the surface of two core layers (A2) using a silk screen printer. One overlay 
layer (B2) was superimposed on the printed side of one core layer (A2), and another overlay layer (B2) on the printed 
side of the other core layer (A2). 

40 Thereafter, the two (A2)/(B2) structures were arranged so that the non-printed sides of the core layers (A2) faced 
to each other, giving an unbonded biodegradable card base having a four-layer sandwitch structure (B2)/(A2)/(A2)/(B2). 

The unbonded biodegradable card base was held between two metal mirror plates, heated to 165°C in 20 minutes, 
compressed at a pressure 5 kg/cm^ at the same temperature for 5 minutes, and cooled to 40°C in 20 minutes, giving a 
biodegradable card base having a thickness of 760 inm [(B2)/(A2)/(A2)/(B2)=1 00 ^nV 280 [ivnf 280 ^nV 1 00 ^m). 

45 A card was obtained by cutting the above card base. A photograph and characters for identification were thermally 
transferred to the surface of one overlay layer (B2) using a hot stamp and color films (ribbons) having hot-melt ink lay- 
ers. The color films were then removed, giving an ID card (85.5 x 54 mm) having color print of a photograph and char- 
acters for identification. The ID card was tested for properties necessary for cards, i.e., tensile strength, impact strength, 
lamination properties, heat resistance, resistance to thermal expansion and contraction, chemical resistance, blocking 

50 resistance and humidity resistance. The results of the tests and distinctiveness of the printed images and characters 
are shown in Table 3. 

The biodegradable card base was dipped at 25°C in the return sludge described above. Although no weight loss 
was confirmed after 28 days, it is presumed that the weight loss would have gradually increased if the card base was 
dipped for a prolonged period. 

55 
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Table 3 



5 




Ex. 1C 


Ex. 2C 


Ex. 3C 


Ex. 4C 


Comp. Ex. 
1C 




Tensile strength (kg/cm^) 


502 


495 


498 


508 


521 




Impact strength 


No cracking 
or crazina 


No cracking 
or crazino 


No cracking 
or crazino 


No cracking 
or crsTina 


No cracking 
or crazino 


10 


Flex temperature 


52°C^ 


52°C^ 


52°C< 


52°C^ 


52°C<, 




Lamination properties 


No gaps 
between 
layers 


No gap 
between 
layers 


No gaps 
between 
layers 


No gaps 
between 
layers 


No gaps 
between 
layers 


15 


Heat resistance 


No change 


No change 


No change 


No change 


No change 




Resistance to 
thermal expan- 
sion and con- 
traction 


-10°C 


0% 


0% 


0% 


0% 


0% 


20 


+45°C 


0% 


0% 


0% 


0% 


0% 




Chemical 
resistance 


5% salt water 


No peeling 


No peeling 


No peeling 


No peeling 


No peeling 


25 


5% aqueous 
solution of ace- 
tic acid 


No peeling 


No peeling 


No peeling 


No peeling 


No peeling 


30 




1% aqueous 
solution of 
sodium carbon- 
ate 


No peeling 


No peeling 


No peeling 


No peeling 


No peeling 


Blocking resistance 


No blocking 


No blocking 


No blocking 


No blocking 


No blocking 




Humidity resistance 


No change 


No change 


No change 


No change 


No change 


35 


Distinctiveness of thermally 
transferred images and characters 


Good 


Good 


Good 


Good 


Poor 



Example 2C 

An ID card was prepared by following the procedure of Example 1C with the exception of using, as overlay layers 
40 (B2), sheets prepared from a composition containing 80 wt.% of a polylactic acid with a number average molecular 
weight Mn of 200,000 obtained by ring-opening polymerization of L-lactide; 20 wt.% of the same polybutylene succinate 
(PBS) with a number average molecular weight Mn of 85,000 as used above; and 0.04 wt. parts of a blue pigment per 
100 wt. parts of the polylactic acid and PBS combined. The obtained ID card had glossy, clear color print of a photo- 
graph and characters for identification. 
45 The obtained card was tested for properties necessary for cards, i.e., tensile strength, lamination properties, heat 
resistance, resistance to thermal expansion and contraction, chemical resistance, blocking resistance and humidity 
resistance. The results of the tests and distinctiveness of the printed photograph and characters are shown in Table 3. 

The card was dipped at 25°C in the return sludge described above. Although no weight loss was confirmed after 
28 days, it is presumed that the weight loss would have increased gradually if the card was dipped for a prolonged 
50 period. 

Example 3C 

An ID card was prepared by following the procedure of Example 1 C with the exception of using, as the overlay lay- 
55 ers (B2), sheets prepared from a composition containing 80 wt.% of a polylactic acid with a number average molecular 
weight Mn of 200,000 obtained by ring-opening polymerization of L-lactide; 20 wt.% of the same polybutylene succinate- 
•adipate (PBSA) with a number average molecular weight Mn of 92,000 as used above; and 0.04 wt. parts of a blue 
pigment per 100 wt. parts of the polylactic acid and PBSA combined. The obtained ID card bore glossy, clear color print 



15 



EP 0 890 614 A1 



of a photograph and characters for identification. 

The obtained card was tested for properties necessary for cards, i.e., tensile strength, impact strength, lamination 
properties, heat resistance, resistance to thermal expansion and contraction, chemical resistance, blocking resistance 
and humidity resistance. The results of the tests and distinctiveness of the printed photograph and characters are 
5 shown in Table 3. 

The card was dipped at 25°C in the return sludge described above. Although no weight loss was confirmed after 
28 days, it is presumed that the weight loss would have increased gradually if the card was dipped for a prolonged 
period. 

10 Example 4C 

An ID card was prepared by following the procedure of Example 10 with the exception of using, as overlay layers 
(B2), sheets prepared from a composition containing 80 wt.% of a polylactic acid with a number average molecular 
weight Mn of 200,000 obtained by ring-opening polymerization of L-lactide; 5 wt.% of the same polybutylene succinate 
15 (PBS) with a number average molecular weight Mn of 85,000 as used above; and 15 wt.% of a polycaprolactone with 
a Vicat softening temperature of 104''C. The obtained ID card had glossy, clear color print of a photograph and charac- 
ters for identification. 

The obtained card was tested for properties necessary for cards, i.e., tensile strength, impact strength, lamination 
properties, heat resistance, resistance to thermal expansion and contraction, chemical resistance, blocking resistance 
20 and humidity resistance. The results of the tests and distinctiveness of the photograph and characters are shown in 
Table 3. 

The card was dipped at 25''C in the return sludge described above. Although no weight loss was confirmed after 
28 days, it is presumed that the weight loss would have increased gradually if the card was dipped for a prolonged 
period. 

25 

Comparative Example 1C 

An ID card having color print of a photograph and characters for identification was prepared by following the proce- 
dure of Example 1 C with the exception of using, as overlay layers (B2), sheets prepared from a composition containing 
30 80 wt.% of a polylactic acid with a number average molecular weight Mn of 200,000 obtained by ring-opening polymer- 
ization of L-lactide; and 20 wt.% of a polycaprolactone with a Vicat softening temperature of 104°C. 

The obtained card was tested for properties necessary for cards, i.e., tensile strength, impact strength, lamination 
properties, heat resistance, resistance to thermal expansion and contraction, chemical resistance, blocking resistance 
and humidity resistance. The results of the tests and distinctiveness of the printed photograph and characters are 
35 shown in Table 3. 

The card was dipped at 25°C in the return sludge described above. Although no weight loss was confirmed after 
28 days, it is presumed that the weight loss would have increased gradually if the card was dipped for a prolonged 
period. 

Table 3 reveals that biodegradable cards formed from the card bases of Examples 1 to 4 containing a high-molec- 
40 ular aliphatic polyester are excellent in properties necessary for cards, and improved in adhesion between the layers. 
Moreover, it is possible to provide glossy clear color print of photographs and characters on the cards, for example, by 
thermally transferring photographs and characters using a hot stamp and color films. Further, such cards are biode- 
gradable. 

In contrast, the card base of Comparative Example 1 C, although being excellent in properties as a card and biode- 
45 gradability is inferior in capability of receiving hot-stamped images or characters, failing to provide glossy clear color 
print of photographs and characters. Therefore, such card base is not suitable Ibr preparing cards having color print 
thereon. 

Claims 

50 

1. A biodegradable card base comprising a composition containing, as essential components, 86 to 31 wt.% of a 
copolymer of 3-hydroxybutylate and 3-hydroxyvalerate, 9 to 46 wt.% of a lactic acid polymer and 5 to 23 wt.% of a 
polycaprolactone. 

55 2. A biodegradable card base comprising at least one core layer (A1) comprising a composition containing, as essen- 
tial components, 90 to 40 wt.% of a copolymer of 3-hydroxybutylate and 3-hydroxyvalerate and 10 to 60 wt.% of a 
lactic acid polymer; and overlay layers (B1) comprising a composition containing, as essential components, 95 to 
60 wt.% of a lactic acid polymer and 5 to 40 wt.% of a polycaprolactone; the core layer (A1) being sandwiched 
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between the overlay layers (B1). 

3. A biodegradable card base comprising at least one core layer (A2) comprising a composition containing, as essen- 
tial components, a copolymer of 3-hydroxybutylate and 3-hydroxyvalerate, a lactic acid polymer and a high-molec- 
5 ular aliphatic polyester obtained by dehydrating polycondensation of a glycol and an aliphatic dicarboxylic acid; and 

overlay layers (B2) comprising a composition containing, as essential components, a lactic acid polymer and a 
high-molecular aliphatic polyester obtained by dehydrating polycondensation of a glycol component and an 
aliphatic dicarboxylic acid; the core layer (A2) being sandwiched between the overlay layers (B2). 

10 4. A biodegradable card according to claim 3, wherein the core layer(s) (A2) comprises a composition containing, as 
essential components, 82 to 27 wt.% of a copolymer of 3-hydroxybutylate and 3-hydroxyvalerate, 9 to 40 wt.% of a 
lactic acid polymer and 9 to 33 wt. % of a high-molecular aliphatic polyester obtained by dehydrating polyconden- 
sation of a glycol and an aliphatic dicarboxylic acid; and wherein the overlay layers (B2) comprise a composition 
containing, as essential components, 99 to 67 wt.% of a lactic acid polymer and 1 to 33 wt.% of a high-molecular 

15 aliphatic polyester obtained by dehydrating polycondensation of a glycol and an aliphatic dicarboxylic acid. 

5. A biodegradable card base according to any one of claims 1 to 3, wherein the copolymer of 3-hydroxybutylate and 
3-hydroxyvalerate contains 1 to 20 mol% of 3-hydroxyvalerate. 

20 6. A biodegradable card base according to any one of claims 1 to 3, wherein the lactic acid polymer is a polymer 
obtained by direct dehydrating condensation of any one of L-lactic acid, D-lactic acid and D,L-lactic acid. 

7. A biodegradable card base according to any one of claims 1 to 3, wherein the lactic acid polymer is a copolymer 
obtained by direct dehydrating polycondensation of hydroxycarboxylic acid and any one of L-lactic acid, D-lactic 

25 acid and D,L-lactic acid. 

8. A biodegradable card base according to any one of claims 1 to 3, wherein the lactic acid polymer is a polymer 
obtained by ring-opening polymerization of a lactide of any one of L-lactic acid, D-lactic acid and D, L-lactic acid. 

30 9. A biodegradable card base according to claim 2, wherein the core layer(s) (A1) and the overlay layers (B1) are lam- 
inated to form a three-layer structure (B1)/(A1)/(B1) or a four-layer structure (B1)/(A1)/(A1)/( B1). 

10. A biodegradable card base according to claim 3, wherein the core layer(s) (A2) and the overlay layers (B2) are lam- 
inated to form a three-layer structure (B2)/(A2)/(B2) or a four-layer structure (B2)/(A2)/(A2)/ (B2). 

35 

11. A biodegradable card base according to claim 2, wherein the core layer(s) (A1) comprises a composition contain- 
ing, as essential components, 77 wt.% or more of the combined amount of a 3-hydroxybutylate/3-hydroxyvalerate 
copolymer and a lactic acid, and 23 wt.% or less of a polycaprolactone. 

40 12. A biodegradable card base according to claim 3, wherein the overlay layers (B2) comprise a composition contain- 
ing, as essential components, 73 wt.% or more of the combined amount of a lactic acid polymer and a high-molec- 
ular aliphatic polyester obtained by dehydrating polycondensation of a glycol and an aliphatic dicarboxylic acid, and 
27 wt.% or less of a polycaprolactone. 

45 13. A biodegradable card base according to claim 4, wherein the overlay layers (B2) comprise a composition contain- 
ing, as essential components, 73 wt.% of the combined amount of a lactic acid polymer and a high-molecular 
aliphatic polyester obtained by dehydrating polycondensation of a glycol and an aliphatic dicarboxylic acid, and 27 
wt.% or less of a polycaprolactone. 

50 14. A biodegradable card base according to claim 3, wherein the glycol in the high-molecular aliphatic polyester is at 
least one member selected from the group consisting of ethylene glycol, 1,4-butanediol, 1,6-hexanediol, decame- 
thylene glycol, neopentyl glycol and 1 ,4-cyclohexane dimethanol. 

15. A biodegradable card base according to claim 3, wherein the aliphatic dicarboxylic acid in the high-molecular 
55 aliphatic polyester is at least one member selected from the group consisting of succinic acid, adipic acid, suberic 

acid, sebasic acid, dodecanoic acid, succinic anhydride and adipic anhydride. 

16. A biodegradable card base according to claim 3, wherein the high-molecular aliphatic polyester is a polymer or 
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copolymer synthesized by dehydrating polycondensation of at least one glycol and at least one aliphatic dicarbox- 
ylic acid. 

17. A biodegradable card base according to claim 3, wherein the high-molecular aliphatic polyester comprises, in addi- 
tion to the at least one glycol and at least one aliphatic dicarboxylic acid, a third component which is at least one 
polyfunctional component selected from the group consisting of tri- or tetrafunctional polyhydric alcohols, oxycar- 
boxylic acids, polycarboxylic acids and their anhydrides. 

18. A biodegradable card base according to claim 3, wherein the high-molecular aliphatic polyester has a number aver- 
age molecular weight (Mn) of 10,000 or more. 

19. A biodegradable card base according to claim 3, wherein the high-molecular aliphatic polyester is at least one 
member selected from the group consisting of polyethylene succinate, polybutylene succinate and polybutylene 
succinate • adipate. 

20. A biodegradable card base according to claim 3, wherein color photographs and/or characters can be printed on 
the surface of the overlay layers (B2) by thermally transferring photographs and/or characters using a hot stamp 
and a color film having a hot-melt ink layer and/or a heat-sublimable ink layer, and removing the color film. 
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